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57 ABSTRACT

In an example implementation, a level-shifter circuit in an
integrated circuit (IC) includes a plurality field-effect transis-
tors (FETs) coupled to provide: a first inverter having an input
port configured to receive an input signal having a first supply
voltage, an output port, and a bias port; a second inverter
having an input port coupled to the output port of the first
inverter, an output port, and a bias port coupled to a second
supply voltage; a diode-connected FET coupled between the
second supply voltage and the bias port of the first inverter; a
first FET in parallel with the diode-connected FET having a
gate coupled to the output of the second inverter; and a second
FET in parallel with the diode-connected FET and the first
FET having a gate configured to receive a mode select signal.

19 Claims, 5 Drawing Sheets
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PROGRAMMABLE SINGLE-SUPPLY
LEVEL-SHIFTER CIRCUIT

FIELD OF THE INVENTION

Examples of the present disclosure generally relate to elec-
tronic circuits and, in particular, to a programmable single-
supply level-shifter circuit.

BACKGROUND

Modern system on chip (SoC) integrated circuits (ICs)
(“SoC’s”) can have multiple voltage domains to operate dif-
ferent parts at different supply voltages. The use of multiple
voltage domains can allow for efficient power management.
To transmit signals across voltage domains, a “level-shifter
circuit” can be provided at the receiver to shift the supply
voltage of the transmitted signal to the voltage domain of the
receiver. Conventional level-shifter circuits require supply
voltages from both voltage domains in order to shift supply
voltage of a signal from one domain to another. These “multi-
supply” level shifter circuits can cause power routing conges-
tion in the SoC due to the need to provide multiple supply
voltages at each receiver of signals transitioning between
voltage domains. Further, in dynamically scalable SoCs, sup-
ply voltages can be unknown prior to silicon implementation.

A single-supply level-shifter circuit is another type of
level-shifter that operates using a single supply in the voltage
domain of the receiver. Existing single-supply level-shifter
circuits have limited operating range, are slow over the range
of operation, are unidirectional, and/or are implementation
area intensive.

SUMMARY

Programmable single-supply level-shifter circuits are
described. In one example implementation, a level-shifter
circuit in an integrated circuit (IC) includes a plurality field-
effect transistors (FETs) coupled to provide: a first inverter
having an input port configured to receive an input signal
having a first supply voltage, an output port, and a bias port;
a second inverter having an input port coupled to the output
port of the first inverter, an output port, and a bias port coupled
to a second supply voltage; a diode-connected FET coupled
between the second supply voltage and the bias port of the
first inverter; a first FET in parallel with the diode-connected
FET having a gate coupled to the output of the second
inverter; and a second FET in parallel with the diode-con-
nected FET and the first FET having a gate configured to
receive a mode select signal.

In another example implementation, an IC system includes
a plurality of ICs configured with a plurality of voltage
domains, at least one IC of the plurality of ICs having a
plurality of single-supply level-shifter circuits each includ-
ing: a first inverter having an input port configured to receive
an input signal having a supply voltage in one of the plurality
of voltage domains, an output port, and a bias port; a second
inverter having an input port coupled to the output port of the
first inverter, an output port, and a bias port coupled to another
supply voltage in another one of the plurality of voltage
domains; a diode-connected FET coupled between the other
supply voltage and the bias port of the first inverter; a first FET
in parallel with the diode-connected FET having a gate
coupled to the output of the second inverter; and asecond FET
in parallel with the diode-connected FET and the first FET
having a gate configured to receive a mode select signal.
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In another example implementation, a method of translat-
ing supply voltage level of a signal input to a receiver in a
programmable IC includes: coupling the signal having a first
supply voltage to a single-supply level-shifter circuit in the
receiver having a second supply voltage and a mode select
circuit; driving a mode select signal to the mode select circuit
to configure the single-supply level-shifter circuit in either a
first mode or a second mode, the first mode being selected if
the first supply voltage is greater than or equal to the second
supply voltage, the second mode being selected if the first
supply voltage is less than the second supply voltage; and
providing a translated signal having the second supply volt-
age.

Other features will be recognized from considering the
Detailed Description and Claims, which will follow.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features can
be understood in detail, a more particular description, briefly
summarized above, may be had by reference to example
implementations, some of which are illustrated in the
appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical example imple-
mentations and are therefore not to be considered limiting of
its scope.

FIG. 1 is a block diagram depicting an integrated circuit
(IC) system according to an example implementation.

FIG. 2 is a block diagram depicting a portion of the IC
system of FIG. 1 according to an example implementation.

FIG. 3 illustrates a field programmable gate array (FPGA)
architecture according to an example implementation.

FIG. 4 is a schematic diagram of a programmable single-
supply level-shifter (SS-LS) circuit according to an example
implementation.

FIG. 5 is a flow diagram depicting a method of translating
supply voltage level of a signal input to a receiver in a pro-
grammable IC according to an example implementation.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures. It is contemplated that
elements of one example may be beneficially incorporated in
other examples.

DETAILED DESCRIPTION

A programmable single-supply level-shifter circuit is
described. In an example implementation, a level-shifter cir-
cuit in an integrated circuit includes a plurality of field effect
transistors (FETs) coupled to provide first and second invert-
ers, a diode-connected FET, and first and second FETs. The
first inverter has an input port configured to receive an input
signal having a first supply voltage and is biased by the
diode-connected FET coupled to a second supply voltage.
The second inverter has an input port coupled to an output
port of the first inverter and is biased by the second supply
voltage. The first FET is in parallel with the diode-connected
FET and has a gate coupled to an output of the second inverter.
The second FET is in parallel with the diode-connected FET
and the first FET and has a gate configured to receive a mode
select signal.

To translate supply voltage of an input signal, the signal is
coupled to the input of the first inverter. The mode select
signal is driven to configure the level-shifter circuit in either a
first mode or a second mode. The first mode is selected if the
supply voltage of the input signal is greater than or equal to
the second supply voltage biasing the level-shifter. In this
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mode, the second FET biases the first inverter with the second
supply voltage and the level-shifter can operate as a buffer
that adds minimal delay to the signal. Further, no dynamic or
static power is consumed by the level-shifter. The second
mode is selected if the supply voltage of the input signal is less
than the second supply voltage biasing the level-shifter. In
this mode, the diode-connected FET biases the first inverter
with a lower supply voltage (e.g., the second supply voltage
less a threshold voltage of the diode-connected FET) to
accommodate the lower supply voltage of the input signal.
Within an operational range, the level-shifter consumes no
static power. The reduced bias voltage of the first inverter,
which is necessary to accommodate the lower input supply
voltage, introduces some additional delay as compared to the
first mode.

Hence, the level-shifter circuit is a single-supply level-
shifter circuit that is programmable to accommodate the sup-
ply voltage of the input signal. The level-shifter circuit is
bi-directional (e.g., both low-to-high and high-to-low voltage
translations are supported) with an optimized implementa-
tion in terms of operational speed and power tailored for each
mode. As such, impact on design performance and power
consumption is minimized. In particular, the level-shifter is
selectively configured so that high-to-low voltage transla-
tions do not exhibit a delay penalty. The level-shifter circuit
can be programmed statically startup (e.g., supporting a static
voltage scaling implementation) or dynamically during
operation (e.g., additionally supporting multilevel or
dynamic voltage scaling implementations). The level-shifter
requires minimal IC implementation area, which conserves
valuable IC real estate. SoC’s, for example, can have a large
number of connections between voltage domains (e.g., on the
order of 10,000 connections), requiring a corresponding large
number of level-shifter circuits.

FIG. 1 is a block diagram depicting an integrated circuit
(IC) system 100 according to an example implementation.
The IC system 100 includes a substrate 102 having a plurality
of ICs. For example, the IC system 100 may be a system on
chip (SoC) IC (“SoC”), where the substrate 102 is a circuit
board or interposer that includes signal conductors for routing
signals between ICs supported thereon. The IC system 100
may be packaged (not shown) as a single SoC device. In
another example, the substrate 102 may be a circuit board
having multiple discrete ICs. In the example, four ICs 104a
through 1044 (collectively “ICs 104”), but the substrate 102
can include more or less ICs. The ICs 104 can be coupled to
each other through signal conductors 110 on the substrate
102.

The ICs 104a through 1044 include voltage domains 108a
through 1084, respectively (collectively “voltage domains
108”). Each of the voltage domains 108 can include one or
more supply voltages. The supply voltage(s) in one voltage
domain can be different than the supply voltage(s) in another
domain. In the example, the voltage domains 108a through
108d include supply voltages Vddl through Vdd4, respec-
tively. At least some of the supply voltages Vdd1l through
Vdd4 can be different from one another. In various examples
described herein, two different configurations are described:
(1) one supply voltage is greater than or equal to another
supply voltage; or (2) one supply voltage is less than another
supply voltage. By “equal to”, it is meant that the input supply
voltage is within a specific threshold of intended output sup-
ply voltage and not exact equality. Thus, “less than” encom-
passes the input supply voltage being outside of the equality
threshold.

One or more ICs on the substrate 102 can include single-
supply level-shifter circuits (“SS-LS circuits”) for translating
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signals between voltage domains. The SS-LS circuits can
programmable. Programmable SS-LS circuits can be pro-
grammed to operate in two different modes depending on the
relation between input and output voltage domains. In a first
mode, a programmable SS-LS circuit can translate between
an input supply voltage that is greater than or equal to an
output supply voltage. In a second mode, a programmable
SS-LS circuit can translate between an input voltage that is
less than an output supply voltage. Each of the programmable
SS-LS circuits is biased using a single source of the output
voltage domain. In the present example, the IC 104a can
include a plurality of programmable SS-LS circuits 1064, the
IC 1045 can include a plurality of programmable SS-L.S
circuits 1065, the IC 104¢ can include a plurality of program-
mable SS-LS circuits 106¢, and the IC 1044 can include a
plurality of programmable SS-LS circuits 106d. The pro-
grammable SS-LS circuits 1064 through 1064 are generally
referred to as programmable SS-LS circuits 106. The pro-
grammable SS-LS circuits 106 in any of the ICs 104 can be
programmed to translate between any of the voltage domains
108.

FIG. 2 is a block diagram depicting a portion 200 of the IC
system 100 of FIG. 1 according to an example implementa-
tion. Elements of FIG. 2 that are the same or similar to those
of FIG. 1 are designated with identical reference numerals.
The portion 200 includes the IC 104a coupled to the IC 1045
through a signal conductor 110a on the substrate 102 (the
substrate is omitted for clarity). The IC 1044 includes a trans-
mitter 202 in the voltage domain 108a. The transmitter 202 is
biased with the supply voltage Vddl. The transmitter 202
generates a digital signal (“signal”) having the supply voltage
Vdd1. That is, the signal can vary between Vddl1 (e.g., logic
HIGH) and a reference voltage (e.g., logic LOW). The refer-
ence voltage can be electrical ground for the ICs 104a and
1045 or a known reference voltage (e.g., a known supply
voltage Vss).

The IC 1045 includes a receiver 204 in the voltage domain
1085. The receiver 204 and its components are biased with the
supply voltage Vdd2. The receiver 204 includes a program-
mable SS-LS circuit 1064 coupled to the signal conductor
110a to receive the signal from the transmitter 202. The
programmable SS-LS circuit 106¢ shifts the supply voltage
level of the signal from Vdd1 of the voltage domain 1084 to
Vdd2 of the voltage domain 1084. The signal can then be
processed by other components (not shown) in the receiver
204 or the IC 1045 within the voltage domain 1085.

The programmable SS-LS circuit 1064 includes a mode
select circuit 208. The mode select circuit 208 configures the
programmable SS-LS circuit 106a in either a first mode or a
second mode. As noted above, the first mode can be config-
ured when the supply voltage Vdd1 is greater than or equal to
the supply voltage Vdd2. The second mode can be configured
when the supply voltage Vdd1 is less than the supply voltage
Vdd2. The mode select circuit 208 can be driven by a mode
select signal generated by a circuit 210 in the IC 10454. The
circuit 210 can be part of the voltage domain 1085 and biased
using the supply voltage Vdd2. The mode select signal can
vary between logic HIGH and logic LOW values within the
voltage domain 1084. In an example, a logic HIGH value
programs the mode select circuit 208 to implement the first
mode, and a logic LOW value programs the mode select
circuit 208 to implement the second mode. In general, the
mode select circuit 208 can implement logic such that the first
mode is implemented when the mode select signal has one
logic state, and the second mode is implemented when the
mode select signal has another logic state.
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In one example implementation, the circuit 210 includes a
memory circuit 212. The memory circuit 212 can be config-
ured to statically drive the mode select signal to one of a logic
HIGH or logic LOW value. By “statically drive”, it is meant
that the value of the mode select signal does not change while
power is applied to the IC 1045 after being initially set. For
example, the IC 1045 can be a programmable IC, such as a
field programmable gate array (FPGA), complex program-
mable logic device (CPLD), or like type programmable
device that has a specific set of programmable resources that
can be programmed to implement circuits. The memory cir-
cuit 212 can be programmed to drive the mode select signal
with either a logic HIGH or logic LOW value when the
programmable IC is programmed with a circuit (e.g., if the
programmable IC is an FPGA, when the FPGA is configured)
. A statically driven mode select signal can be used in a static
voltage scaling implementation, where the supply voltages
between input and output domains do not change.

In another example implementation, the circuit 210
includes a control circuit 214 in place of or in addition to the
memory circuit 212. The control circuit 214 is configured to
dynamically drive the mode select signal to between logic
HIGH and logic LOW. By “dynamically drive”, it is meant
that the value of the mode select signal can change while
power is applied to the IC 10454. For example, the IC 1045 can
be a programmable IC, such as an FPGA or the like. The
control circuit 214 can be a dedicated circuit in the program-
mable IC or be configured from programmable logic of the
programmable IC. The control circuit 214 can selectively
drive the mode select signal between logic HIGH and logic
LOW. The control circuit 214 can establish an initial value for
the mode select signal upon power being applied to the IC
1044. In an example, if the memory circuit 212 is present, the
control circuit 214 can obtain the initial value for the mode
select signal from the memory circuit 212, which can be
configured as described above. A dynamically driven mode
select signal can be used in multilevel voltage scaling or
dynamic voltage scaling implementations, where the supply
voltages between input and output domains can change. The
control circuit 214 can generate the mode select signal based
on input from another circuit (not shown) that drives the
multilevel or dynamic voltage scaling process.

In some examples, one or more of the ICs in the IC system
100 can be a programmable IC, such as an FPGA, CPLD, or
the like. For example, F1G. 3 illustrates an FPGA architecture
(“FPGA 3007) that includes a large number of different pro-
grammable tiles including multi-gigabit transceivers
(“MGTs”) 301, configurable logic blocks (“CLBs”) 302, ran-
dom access memory blocks (“BRAMs”) 303, input/output
blocks (“IOBs™) 304, configuration and clocking logic
(“CONFIG/CLOCKS”) 305, digital signal processing blocks
(“DSPs™) 306, specialized input/output blocks (“I/O0”) 307
(e.g., configuration ports and clock ports), and other program-
mable logic 308 such as digital clock managers, analog-to-
digital converters, system monitoring logic, and so forth.
Some FPGAs also include dedicated processor blocks
(“PROC”) 310.

In some FPGAs, each programmable tile includes a pro-
grammable interconnect element (“INT”) 311 having stan-
dardized connections to and from a corresponding intercon-
nect element in each adjacent tile. Therefore, the
programmable interconnect elements taken together imple-
ment the programmable interconnect structure for the illus-
trated FPGA. The programmable interconnect element 311
also includes the connections to and from the programmable
logic element within the same tile, as shown by the examples
included at the top of FIG. 3.

10

15

20

25

30

35

40

45

50

55

60

65

6

For example, a CLLB 302 can include a configurable logic
element (“CLE”) 312 that can be programmed to implement
user logic plus a single programmable interconnect element
(“INT”) 311. A BRAM 303 can include a BRAM logic ele-
ment (“BRL”) 313 in addition to one or more programmable
interconnect elements. Typically, the number of interconnect
elements included in a tile depends on the height of the tile. In
the pictured example, a BRAM tile has the same height as five
CLBs, but other numbers (e.g., four) can also be used. A DSP
tile 306 can include a DSP logic element (“DSPL”) 314 in
addition to an appropriate number of programmable intercon-
nect elements. An 10B 304 can include, for example, two
instances of an input/output logic element (“IOL”) 315 in
addition to one instance of the programmable interconnect
element 311. As will be clear to those of skill in the art, the
actual I/O pads connected, for example, to the /O logic
element 315 typically are not confined to the area of the
input/output logic element 315.

Inthe pictured example, a horizontal area near the center of
the die (shown in FIG. 3) is used for configuration, clock, and
other control logic. Vertical columns 309 extending from this
horizontal area or column are used to distribute the clocks and
configuration signals across the breadth of the FPGA.

Some FPGAs utilizing the architecture illustrated in FIG. 3
include additional logic blocks that disrupt the regular colum-
nar structure making up a large part of the FPGA. The addi-
tional logic blocks can be programmable blocks and/or dedi-
cated logic. For example, processor block 310 spans several
columns of CLBs and BRAMs.

Note that FIG. 3 is intended to illustrate only an exemplary
FPGA architecture. For example, the numbers of logic blocks
in a row, the relative width of the rows, the number and order
of rows, the types of logic blocks included in the rows, the
relative sizes of the logic blocks, and the interconnect/logic
implementations included at the top of FIG. 3 are purely
exemplary. For example, in an actual FPGA more than one
adjacent row of CLBs is typically included wherever the
CLBs appear, to facilitate the efficient implementation of user
logic, but the number of adjacent CLB rows varies with the
overall size of the FPGA.

The FPGA 300 can also include programmable SS-LS
circuits 350 that function similar to the programmable SS-L.S
circuits 106 described above. In the example of FIG. 2, if the
IC 1045 includes the FPGA 300, the circuit 210 can be either
dedicated circuitry in the FPGA 300 or configured using
programmable logic of the FPGA 300. The programmable
SS-LS circuits 350 can be coupled to other circuits in the
FPGA 300 that make use of the level-translated signals.

FIG. 4 is a schematic diagram of a programmable SS-L.S
circuit 106 according to an example implementation. The
programmable SS-LS circuit 106 includes a plurality of field-
effecttransistors (FETs) designated Q1 through Q7. The tran-
sistors Q1 and Q2 are coupled to implement a first inverter
402 having an input port (“IN), an output port (“OUTB”),
and a bias port 406. Transistors Q3 and Q4 are coupled to
implement a second inverter 404 having an input port coupled
to OUTB, an output port (“OUT”), and a bias port 408. The
first and second inverters 402 and 404 can be biased with
respect to a reference voltage shown by way of example as
electrical ground.

In the example of FIG. 4, the inverters 402 and 404 each
include a complementary metal-oxide-semiconductor
(CMOS) pair of FETs coupled between respective bias ports
406 and 408 and the reference voltage. That is, the transistor
Q1 comprises a p-type metal-oxide-semiconductor (PMOS)
transistor, and the transistor Q2 comprises an n-type metal-
oxide-semiconductor (NMOS) transistor. The source of Q1 is
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coupled to the bias port 406. The drain of Q1 is coupled to the
drain of Q2. The source of Q2 is coupled to the reference
voltage. Gates of Q1 and Q2 are coupled to IN. The drains of
Q1 and Q2 are coupled to OUTB. Likewise, the transistor Q3
comprises a PMOS transistor, and the transistor Q4 com-
prises an NMOS transistor. The source of Q3 is coupled to the
bias port 408. The drain of Q3 is coupled to the drain of Q4.
The source of Q4 is coupled to the reference voltage. Gates of
Q3 and Q4 are coupled to OUTB. The drains of Q1 and Q2 are
coupled to OUT. The bias port 408 is coupled to a supply
voltage Vdd2.

The transistor Q6 is a diode-connected FET coupled
between the supply voltage Vdd2 and the bias port 406 of the
inverter 402. The transistor Q6 can be an NMOS transistor
having a gate and a drain coupled to the supply voltage Vdd2,
and a source coupled to the bias port 406 (e.g., the source of
the transistor Q1).

The transistor Q7 is in parallel with the transistor Q6 and
has a gate coupled to OUT (e.g., the drains of Q3 and Q4). The
transistor Q7 can be a PMOS ftransistor having a source
coupled to the supply voltage Vdd2 and a drain coupled to the
source of Q6.

The transistor Q5 forms the mode select circuit 208. The
transistor Q5 is in parallel with the transistors Q6 and Q7 and
has a gate configured to receive the mode select signal. The
transistor Q5 can be a PMOS ftransistor having a source
coupled to the supply voltage Vdd2 and a drain coupled to the
source of Q6 and drain of Q7. The junction of the Q5 drain,
the Q6 source, the Q7 drain, and the bias port 406 (e.g., Q1
source) is referred to as node V.

In operation, the mode select signal determines the mode of
the programmable SS-LS circuit 106. When the mode select
signal is logic LOW, the programmable SS-LS circuit 106 is
configured to translate a signal having an input voltage supply
that is greater than or equal to the supply voltage Vdd2. When
the mode select signal is logic LOW, the transistor Q5 satu-
rates and “turns on”. The node V is charged to the supply
Vdd2 and the transistor Q6 is cutoff. Thus, both inverters 402
and 404 are biased with the supply voltage Vdd2. The invert-
ers 402 and 404 form a buffer (i.e., two logical inversions in
sequence) and the signal on OUT will track logical changes in
the signal coupled to IN and have a supply voltage of Vdd2.

When the mode select signal is logic HIGH, the program-
mable SS-LS circuit 106 is configured to translate a signal
having an input voltage supply that is less than the supply
voltage Vdd2. When the mode select signal is HIGH, the
transistor Q5 is cutoff. Operation in the second mode can be
understood with respect to static logic HIGH, falling edge,
static logic LOW, and rising edge phases of the signal on IN
(all within the input voltage domain). When the signal on IN
is static logic HIGH, the transistor Q6 saturates and charges
the node V to a voltage of Vdd2-Vth_Q6, where Vth_Q6 is
the threshold voltage of the transistor Q6. If the logic HIGH
voltage of the signal on IN is greater than Vdd2-Vth_Q6-
Vth_Q1 (threshold voltage of Q1), then the transistor Q1 is
cutoff. The node OUTB will discharge to the reference volt-
age. The transistor Q3 saturates and is turned on, and the
transistor Q4 is cutoff. The node OUT is charged to Vdd2 (i.e.,
logic HIGH in the output voltage domain).

When the signal on IN transitions from logic HIGH to logic
LOW (e.g., falling edge), the transistor Q1 will begin to
saturate and turn on, charging the node OUTB towards Vdd2-
Vth_Q6. The transistor Q4 will begin to saturate and turn on,
discharging the node OUT towards the reference voltage. Q7
will start to saturate and turn on, charging the node V towards
Vdd. When the signal IN is static logic LOW, the transistor Q1
is saturated and turned on, charging the node OUTB to Vdd2.
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The transistor Q3 will be cutoff, and the transistor Q4 will be
saturated and turned on. The node OUT will be discharged to
the reference voltage.

When the signal on IN transitions from logic LOW to logic
HIGH (e.g., rising edge), the transistor Q2 begins to saturate
and turn on, discharging the node OUTB towards the refer-
ence voltage. The transistor Q3 will being to saturate and turn
on, charging OUT towards Vdd2. The transistor Q7 will be
cutoff, and the transistor Q6 will charge the node V to Vdd2-
Vth_Q6. The supply voltage of the signal on IN should be
greater than Vdd2-Vth_Q6-Vth_Q1 to avoid turning on Q1
and burning static current.

The programmable SS-LS circuit 106 requires little imple-
mentation area in an IC, consumes no static power when used
in its operating range, and has minimal or no delay penalty.
The programmable SS-LS circuit 106 has minimal impact on
design performance. The programmable SS-LS circuit 106 is
also bi-directional (e.g., provides for both low-to-high and
high-to-low translations). The low static and dynamic power
consumption of the programmable SS-LS circuit 106 reduces
IC power and cooperates with the purpose of voltage scaling.
The low implementation area allows the programmable SS-
LS circuit 106 to be used in ICs that have a large number of
connections between voltage domains.

FIG. 5 is a flow diagram depicting a method 500 of trans-
lating supply voltage level of a signal input to a receiver in a
programmable IC according to an example implementation.
The method 500 begins at step 502, where a transmitter trans-
mits a signal having a first supply voltage of a first voltage
domain. At step 504, the signal is coupled to a programmable
SS-LS circuit in the receiver having a second supply voltage
and a mode select circuit. At step 506, a mode select signal is
driven to configure the programmable SS-LS circuit in either
first or second modes. In one example implementation, step
506 includes a step 508, where the mode select signal is
statically driven from a memory circuit. In another example,
step 506 includes a step 510, where the mode select signal is
dynamically driven from a control circuit. At step 512, the
translated signal is provided having the second supply volt-
age. In an example, the transmitter is in an IC coupled to the
programmable IC. The programmable SS-LS-circuit can
have an implementation as shown in FIG. 4 and described
above.

While the foregoing is directed to specific examples, other
and further examples may be devised without departing from
the basic scope thereof, and the scope thereof is determined
by the claims that follow.

What is claimed is:
1. A level-shifter circuit in an integrated circuit (IC), com-
prising:
a plurality field-effect transistors (FETs) coupled to pro-
vide:

a first inverter having an input port configured to receive
an input signal having a first supply voltage, an output
port, and a bias port;

a second inverter having an input port coupled to the
output port of the first inverter, an output port, and a
bias port coupled to a second supply voltage;

a diode-connected FET coupled between the second
supply voltage and the bias port of the first inverter;

a first FET in parallel with the diode-connected FET
having a gate coupled to the output of the second
inverter; and

a second FET in parallel with the diode-connected FET
and the first FET having a gate configured to receive a
mode select signal.
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2. The level-shifter circuit of claim 1, wherein the first
inverter and the second inverter each include a complemen-
tary metal-oxide-semiconductor (CMOS) pair of FETs
coupled between the respective bias ports and a reference
voltage.

3. The level-shifter circuit of claim 1, wherein:

the diode-connected FET comprises an n-type metal-ox-
ide-semiconductor (NMOS) FET having a gate and a
drain coupled to the second supply voltage and a source
coupled to the bias port of the first inverter;

the first FET comprises a first p-type metal-oxide-semicon-
ductor (PMOS) FET having a source coupled to the
second supply voltage and a drain coupled to the source
of the NMOS FET; and

the second FET comprises a second PMOS FET having a
source coupled to the second supply voltage and a drain
coupled to the drain of the first PMOS FET and the
source of the NMOS FET.

4. The level-shifter circuit of claim 1, wherein the gate of
the second FET is coupled to a memory circuit of the IC to
receive the mode select signal.

5. The level-shifter circuit of claim 4, wherein the memory
circuit of the IC is configured to statically drive the mode
select signal to one of a logic high or logic low value.

6. The level-shifter circuit of claim 1, wherein the gate of
the second FET is coupled to a control circuit of the IC to
receive the mode select signal, where the control circuit is
configured to dynamically drive the mode select signal
between logic high or logic low values.

7. An integrated circuit (IC) system, comprising:

a plurality of ICs configured with a plurality of voltage
domains, at least one IC of the plurality of ICs having a
plurality of single-supply level-shifter circuits each
including:

a first inverter having an input port configured to receive
an input signal having a supply voltage in one of the
plurality of voltage domains, an output port, and a bias
port;

a second inverter having an input port coupled to the
output port of the first inverter, an output port, and a
bias port coupled to another supply voltage in another
one of the plurality of voltage domains;

a diode-connected FET coupled between the other sup-
ply voltage and the bias port of the first inverter;

a first FET in parallel with the diode-connected FET
having a gate coupled to the output of the second
inverter; and

a second FET in parallel with the diode-connected FET
and the first FET having a gate configured to receive a
mode select signal.

8. The IC system of claim 7, further comprising:

afirst IC including a transmitter in a first voltage domain of
the plurality of voltage domains, the transmitter config-
ured to provide a signal having a first supply voltage of
the first voltage domain; and

a second IC including a receiver in a second voltage
domain of the plurality of voltage domains, the receiver
including a first single-supply level-shifter circuit of the
plurality of single-supply level-shifter circuits where the
supply voltage in the one of the plurality of voltage
domains is the first supply voltage in the first voltage
domain and the other supply voltage in the other of the
plurality of voltage domains is the second supply voltage
in the second voltage domain.
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9. The IC system of claim 8, further comprising:

a substrate supporting the first IC and the second IC, the
substrate including a conductor to provide the signal
from the transmitter in the first IC to the receiver in the
second IC.

10. The IC system of claim 7, wherein the at least one IC

comprises a programmable IC.

11. The IC system of claim 10, wherein, for each of the
plurality of single-supply level-shifter circuits, the gate of the
second FET is coupled to a memory circuit of the program-
mable IC to receive the mode select signal.

12. The IC system of claim 11, wherein each memory
circuit coupled to a respective single-supply level-shifter cir-
cuit is configured to statically drive a respective mode select
signal to one of a logic high or logic low value.

13. The IC system of claim 10, wherein, for each of the
plurality of single-supply level-shifter circuits, the gate of the
second FET is coupled to a control circuit of the program-
mable IC to receive the mode select signal, where the control
circuit is configured to dynamically drive the mode select
signal between logic high or logic low values.

14. The IC system of claim 10, wherein the programmable
IC comprises a field programmable gate array (FPGA).

15. A method of translating supply voltage level of a signal
input to a receiver in a programmable IC, comprising:

coupling the signal having a first supply voltage to a single-
supply level-shifter circuit in the receiver having a sec-
ond supply voltage and a mode select circuit;

driving a mode select signal to the mode select circuit to
configure the single-supply level-shifter circuit in either
a first mode or a second mode, the first mode being
selected if the first supply voltage is greater than or equal
to the second supply voltage, the second mode being
selected if the first supply voltage is less than the second
supply voltage;

wherein the single-supply level-shifter circuit comprises a
plurality of field-effect transistors (FETs) coupled to
provide:

afirst inverter having an input port configured to receive the
signal, an output port, and a bias port;

a second inverter having an input port coupled to the output
port of the first inverter, an output port, and a bias port
coupled to the second supply voltage;

a diode-connected FET coupled between the second sup-
ply voltage and the bias port of the first inverter;

afirst FET in parallel with the diode-connected FET having
a gate coupled to the output of the second inverter; and

asecond FET in parallel with the diode-connected FET and
the first FET having a gate configured to receive the
mode select signal; and

providing a translated signal having the second supply
voltage.

16. The method of claim 15, wherein the step of driving the

mode select signal comprises:

statically driving the mode select signal from a memory
circuit in the programmable IC to configure the single-
supply level-shifter circuit in either the first mode or the
second mode.

17. The method of claim 15, wherein the step of driving the

mode select signal comprises:

dynamically driving the mode select signal from a control
circuit in the programmable IC to selectively configure
the single-supply level-shifter circuit between the first
mode or the second mode.

18. The method of claim 15, further comprising:

providing the signal from a transmitter of a first voltage
domain that includes the first supply voltage;
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wherein the receiver is in a second voltage domain having
the second supply voltage.
19. The method of claim 18, wherein the transmitter is in an
IC coupled to the programmable IC.
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